Abstract: Urinary tract infections (UTIs) are common nosocomial infections. This study evaluated the prevalence, pathogens, antibiotic resistances, clinical outcomes, and hospitalization costs associated with complicated UTIs in southern China, and risk factors delaying patient discharge. We retrospectively reviewed electronic medical records of 4,284 (61.4% women) complicated UTI-related hospitalizations from 2008 to 2013. Average patient age was 61.1 years and median hospital stay was 11 days. Pathogens were isolated from 1,071 urine and 148 blood specimens. Gram-negative bacteria were the most frequent and included Escherichia coli (48.2%), Klebsiella pneumoniae (9.5%), Pseudomonas aeruginosa (4.9%), and Proteus mirabilis (4.6%), while Enterococcus spp. (14.4%) was the most common Gram-positive bacteria causing UTIs. Both E. coli and K. pneumoniae showed high resistance rates (45%) to wide-spectrum penicillins, cephalosporins, aztreonam, and ciprofloxacin. Resistances to beta-lactamase inhibitor/beta-lactam antibiotic combination were relatively lower. Imipenem, meropenem, and amikacin had the greatest activity against E.coli and K. pneumoniae. Recurrent infection was a risk factor for mortality. Age, sex, previous surgery, diabetes, and renal insufficiency were significant risk factors for delayed discharge (P0.01). Response to initial treatment was associated with a lower cost. Initial empiric use of antibiotics least associated with resistance may reduce costs and medical resource usage.
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Introduction
Urinary tract infections (UTIs) are the most common bacterial infections and a frequent nosocomial infection. 1 Approximately 250 million individuals experience a UTI each year. 2, 3 Around 40%-50% of women experience at least one UTI during their lifetime and an estimated one in three women would experience a UTI by the age of 24 years, 4, 5 with 15%-25% of these women developing recurrent infection. [6] [7] [8] Community-acquired infections with Escherichia coli and other Enterobacteriaceae occur in ~75% of the patients. 9 Cases of UTIs can be classified as uncomplicated or complicated. 10 Uncomplicated UTIs occur in sexually active healthy women with structurally and functionally normal urinary tracts. However, complicated UTIs (cUTIs) are associated with conditions that prolong the need for treatment or increase the likelihood of therapeutic failure. These conditions include abnormalities in the urinary tract that impede urine flow, foreign bodies (eg, catheters or stones), infections with multidrug-resistant pathogens, and UTIs in male patients. Although uncomplicated infections in the community can usually be treated via brief antibiotic treatment, the cUTIs usually require submit your manuscript | www.dovepress.com
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li et al longer and more intensive antibiotic treatment. The initial treatment for UTIs is generally empirical and is based on the known antimicrobial resistance patterns of urinary pathogens. 11 However, the prevalence of antimicrobial resistance among urinary pathogens has been increasing, due to the increased and inappropriate prescription of antibiotics. 12, 13 Antibiotic resistance is a growing concern in China, 14 where clinical isolates of E. coli have exhibited high rates of resistance to amoxicillin with clavulanic acid (20.6%-27.9%), ciprofloxacin (64.7%-74%), and piperacillin (71.1%-80.1%). Nevertheless, the distributions of urinary pathogens and their susceptibility to antibiotics exhibit regional variations, and there is a need for locally derived knowledge regarding antibiotic resistance patterns throughout China. 15, 16 The present study evaluated cases of cUTIs from southern China during 2008-2013 in order to evaluate the pathogens and their antibiotic resistance patterns, antibacterial treatment, and clinic outcomes, as well as the risk factors for delay to discharge, to provide useful information for regional clinicians who manage patients with cUTIs.
Methods
study design
This 6-year retrospective, incidence-based, observational study was performed using electronic medical record (EMR) data from patients who were hospitalized at four hospitals (Dade Road General Hospital, Fangcun, University City, and Ersha Island) that belong to a single health care conglomerate (the Guangdong Provincial Hospital of Chinese Medicine).
The protocol was reviewed and approved by the ethical committee of the Guangdong Provincial Hospital of Chinese Medicine. The requirement for informed consent was waived, due to the retrospective design and the fact that all patient data were anonymized and deidentified prior to the analysis.
Patients
Patients were selected by searching the EMRs for hospitalized cases (January 1, 2008 to December 31, 2013) with discharge diagnoses of cUTIs, and the study cohort was further validated by the doctors. The data that we collected included demographic information (age, sex, admission and discharge dates, and marital status), comorbidities, lifestyle factors (smoking and alcoholism), discharge diagnoses, primary surgical procedures, unplanned additional surgeries, laboratory and microbiology results, antibiotic usage, change in antibiotics, length of hospital stay, discharge status (alive or dead), admission in hospital ward, in-hospital transfers (to other wards or the intensive care unit [ICU]), and hospitalization cost.
Pathogens and antibiotic susceptibility
Bacterial species was identified according to their unique activities, like physiological reactions and metabolites. The pathogens and their antibiotic susceptibilities were identified using Gram staining, microscopic observation of their morphotypes, characteristics in culture medium, and other biochemical reactions that are specified by the Clinical and Laboratory Standard Institute (CLSI) procedures. 17 Urine and blood sample collection, and isolation and identification of uropathogens were performed. In brief, the urine samples with suspected infection were collected and subcultured with 5% sheep blood medium and McConquet plate medium for 18-24 h at 35°C±0.5°C. On the second day, cytobacteriological examination using Gram staining and microscopy was performed for any clinical signs of urine infection. Urine samples that contained no more than two types of bacteria were selected, and the cell count threshold was set to be more than 10 4 and less than 10 5 colony-forming units (CFU)/mL (10 4 CFU/mL for Gram-positive bacteria and 10
5 CFU/mL for Gram-negative bacteria). The bacterial identification and susceptibility analysis were conducted on the selected samples using an automatic system (VITEK 2 system; bioMérieux, Marcy l'Etoile, France). Antibiotic resistance testing was performed using a susceptibility panel according to the CLSI procedures, which included penicillins (ampicillin, piperacillin, and piperacillin/tazobactam), third-generation cephalosporins (ceftriaxone, cefoperazone, cefoperazone/sulbactam, ceftazidime, and cefotaxime), a fourth-generation cephalosporin (cefepime), a carbapenem (imipenem), a monobactam (aztreonam), a fluoroquinolone (ciprofloxacin), and aminoglycosides (amikacin and gentamicin). The empirical antibiotic treatment principle was based on the Antibacterial Drug Selection Guidelines from the Chinese Medical Association. We calculated the yearly resistance rate of a pathogen to a specific antibiotic if there were at least 10 tests.
study outcomes
We only analyzed antibacterials (ATC code J01), and the treatments were considered modified if new antibiotics were administered to the patient at 3 days after admission. The study outcomes included patient characteristics, pathogen characteristics, antibiotic susceptibility, and clinical outcomes (hospitalization length, recurrence rate, and mortality rate). All analyses were descriptive in nature. First-line empirical antibiotic treatment was defined as effective if all isolated bacteria were sensitive to at least one of the antibiotics that were administered to an infection-positive patient. 
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Cost analysis
The total cost during each hospitalization was defined as the sum of all costs for each type of medicine (Western or herbal medicine) that was received by the patient during the hospitalization. The costs of the examinations (laboratory and instrumental tests), treatment, diagnosis (including specialists' consultancies), and bed fees were directly recorded, and were assessed by referring to the fees that were reimbursed to the service providers. Costs related to any primary surgical procedures were not included in the treatment cost, as they were considered independent of the choice of antibiotic treatment.
statistical analysis
All descriptive analyses were performed using R software (version 3.1.1; R Foundation for Statistical Computing, Institute for Statistics and Mathematics; Vienna, Austria). Continuous data were expressed as mean ± standard deviation or 95% confidence interval. Categorical data were expressed as the number of events and percentages. Univariate statistical analyses were performed using the Wilcoxon rank-sum test to compare baseline characteristics with the treatment outcomes. Fisher's exact test was used to assess differences in categorical variables. Time series analysis was used to evaluate trends in the resistance rates and mortality rates. We performed a univariate analysis of the variables of interest by constructing Kaplan-Meier survival curves, which were stratified according to the covariate variables, and used the log-rank test to evaluate the relationship of each variable with time to discharge (while accounting for in-hospital death as a competing event). Finally, we constructed a Cox proportional hazards model to evaluate the effect of multiple variables on delayed discharge.
Results
Patient characteristics
This study included 3,829 patients (90% married, 61.4% women) with a mean age of 61.1 years, who underwent 4,284 hospitalizations due to a diagnosis of cUTIs during the 6-year study period. Dade Road General Hospital accounted for 1,384 cases, Ersha Island accounted for 1,075 cases, Fangcun accounted for 955 cases, and University City accounted for 870 cases (Table 1 ). The prevalence of cUTIs in the older group was higher than in the younger group (Table 1) and significantly increased with age (chi-squared test, P0.01). While there was a strong female predominance in younger populations (age 30 years) with 3:1 female to male ratio, the prevalence was similar between both sexes (data not shown). Comorbidities were observed in 2,345 (54.8%) of the hospitalized cases, which included kidney stones (23.32%), diabetes (20.2%), solid tumors (13.7%), and renal failure (11.5%). Prehospitalization surgery was observed in 1,838 cases (42.9%), compared to 1,182 cases (27.6%) of surgery during the hospitalizations for cUTIs. Only 3.34% of patients were prescribed antibacterials prior to their hospitalization (Table S1 ). Most patients were prescribed medications for comorbidities during their hospitalization (4,226 cases, 98.7%), which included antibacterial (3,944 cases, 92.1%), vasoprotectives (2,586 cases, 60.4%), and cardiac therapies (2,142 cases, 50.0%).
Pathogens in cUTi
Among the 4,284 hospitalized cases, pathogens were identified in 1,142 cases. The urine testing reports were available Table 2 . The most frequently identified pathogens (4%) from the two sample types were similar. Staphylococcus capitis was identified only in blood culture while E. cloacae was observed only in urine test. Among the 1,071 cases with urine test results, 131 cases (12.2%) exhibited 2 microorganisms in urine. Among the 148 cases with blood test results, 12 cases (9.5%) exhibited 2 microorganisms in blood. E. coli and K. pneumoniae were the two most common Gram-negative bacteria that were isolated from urine or blood samples during the study period, and the incidence trends for these bacteria are shown in Figure S1 . The incidence of E. coli in both urine and blood samples exhibited stable trends, whereas the incidence of K. pneumoniae in blood samples exhibited a steady decrease (P0.01).
antibiotic resistance and treatment
The resistance patterns of epidemic bacteria were evaluated over time (Figures 2 and 3) . Both E. coli and K. pneumoniae isolates exhibited similar high average rates of resistance (56%-94%) to wide-spectrum penicillins (ampicillin and piperacillin), followed by (45% resistance) cephalosporins (cefazolin, ceftriaxone, ceftazidime, and cefepime), aztreonam, and ciprofloxacin. However, these isolates exhibited sustained low rates of resistance to imipenem, meropenem, and amikacin (Table 3 ). It was interesting that the rates of resistance to beta-lactam antibiotics (piperacillin/tazobactam, ampicillin/sulbactam) with peptidoglycan cross-linker blockers were obviously lower (Figure 2 ). These findings suggest that wide-spectrum penicillins or cephalosporins should be combined with beta-lactamase inhibitors to decrease resistance, and that imipenem or meropenem or amikacin Notes: a n represents the total number of cases detected with pathogens in urine or blood samples; 0* represents pathogen not found in the specified sample. 
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Clinical and economic outcomes of urinary tract infections should be used for the initial empirical treatment of cUTIs. No significant changes in the resistance rates to most antibiotics were observed over the 6-year study period except that the resistance of K. pneumoniae to levofloxacin was decreasing with year (time series analysis, P=0.007).
Gram-negative P. aeruginosa exhibited marginally low rates (20%) of resistance to most of the tested antibiotics, while E. cloacae exhibited much higher rates of resistance to most of the antibiotics that were tested, with the exception of imipenem (0%). P. mirabilis showed high sensitivity to amikacin (3%-7%), as well as to imipenem (0%). It was noteworthy that the resistance rates of A. baumannii to nearly all antibiotics which were tested increased (2011-2013 vs 2008-2010) and all the resistance rates were 50% in 2011-2013 (Figure 3) . The Gram-positive bacteria such as E. faecalis, E. faecium, and S. aureus were most sensitive to linezolid and vancomycin (0%-4.7% were resistant).
The antibiotics that were used to treat cUTIs and the 20 most frequently prescribed first-line antibiotics were also reviewed (Tables S2 and S3 ). Third-generation cephalosporins (eg, cefixime, cefoperazone/tazobactam, cefoperazone/sulbactam, and ceftriaxone) and fluoroquinolones (mainly levofloxacin) were empirically administered as the first-line systemic treatment in 1,415 cases (36.10%) and 1,087 cases (28.35%), respectively. Third-generation cephalosporins were used to treat 60.07% of all cases (2,303 cases) and fluoroquinolones were used to treat 35.55% of all cases (1,363 cases). This treatment pattern may explain the high rates of resistance (35%) of E. coli and K. pneumoniae to levofloxacin and many third-generation cephalosporins.
Clinical outcomes and economic burden
The median hospital stay for all patients with cUTIs was 11 days. During the study period, 8.15% of the patients experienced recurrent UTI infections, and the 30-day and 3-month readmission rates for these recurrent cases were 33.97% and 56.73%, respectively. A change in the medication was required in 1,790 (41.78%) of the cases (Table 4) . The overall mortality rate was 2.41% compared to 0.61% for deaths caused by only UTI, and these rates exhibited significant decrease year-over-year. Patients with recurrent infections exhibited a significantly higher mortality rate, 
Risk factors for prolonged hospitalization
A patient's length of hospitalization is related to their medical resource usage and incurred costs. Therefore, we analyzed the risk factors for a delayed discharge among adult patients with a UTI. A stratified Kaplan-Meier survival curve was created for each variable, and the log-rank test was used to determine if there was a significant unadjusted relationship between the predictor variable and the time to discharge. The time to discharge in days was plotted against the survival distribution function for the different age groups, which revealed an increase with age ( Figure S2) . Age, sex, marriage, previous surgery, and comorbidities (diabetes or renal insufficiency) exhibited a statistically significant unadjusted relationship with a delayed discharge (Table S4) . After further analysis of the variables' interactions, we found that marriage status was correlated with age (R =0.43, P0.001). Therefore, our Cox proportional hazards model did not include marriage status. This model revealed that age, sex, prehospitalization surgery, diabetes, and renal insufficiency were significantly associated with the time to discharge, after controlling for the other variables in the model. Compared to female patients, male patients were more likely to experience a prolonged hospitalization (hazard ratio: 1.12, 95% confidence interval: 1.05-1.20) (Table 6 ). Old age, previous surgery, diabetes, and 
1485
Clinical and economic outcomes of urinary tract infections renal insufficiency were risk factors for a delayed discharge among patients who were hospitalized for a UTI.
Discussion
UTIs are one of the most common infectious diseases among women of all ages, and affect ~10% of US women annually. 4 It is well established that the prevalence of UTI increases with age, and this increase is seen in both sexes. 18 Similarly, we found that 61.4% of the cUTIs in the present study were diagnosed in women, especially 75% in young patients. The average age of our patient cohort was 61 years, and the prevalence of UTI significantly increased with age. The pathogenic organisms were identified in 26.65% of the evaluated patients and this is a higher rate in comparison to similar Western studies. 2, 3, 9, 12, 19 Gram-negative bacteria were the most commonly isolated organisms in the present study, and previous studies have reported similar findings. 9, 12, 19 E. coli was the most common uropathogen, and was followed by Gram-positive Enterococcus spp., Candida spp., Gramnegative K. pneumoniae, P. aeruginosa, and P. mirabilis.
Current clinical treatments are guided by published recommendations for the diagnosis and treatment of UTIs in adults. [20] [21] [22] [23] In the absence of genitourinary symptoms, the infection is not treated except in cases of pregnancy or surgical manipulation of the urinary tract, although clinicians and patients have expressed concerns that delayed treatment will lead to adverse outcomes and increased morbidity.
Despite the widespread availability of antimicrobial agents, UTIs have become increasingly difficult to treat, due to increasing resistance to antimicrobial agents. Furthermore, patients with cUTIs are more likely to experience treatment failure and serious complications, since they are often caused by Gram-negative bacilli resistant to multiple antimicrobial drugs. In the patients who were examined, we observed high rates of resistance among the most frequently isolated Gramnegative rods. However, these bacteria were effectively eradicated using a peptidoglycan cross-linking blocker with a beta-lactamase inhibitor, carbapenems, or amikacin. Furthermore, most of the resistance that we observed was due to the expression of chromosomal AmpC β-lactamase, which is induced after exposure to β-lactams (a structural component of cephalosporins). These enzymes are resistant to inhibition using clavulanic acid, which indicates that different beta-lactamase inhibitors should be added to cephalosporins or piperacillin for the empirical management of UTIs. In contrast, carbapenems are broad-spectrum agents that can be used as empiric therapies for severe sepsis due to bacteria that produce extended spectrum β-lactamase. Although carbapenemase-producing E. coli and K. pneumoniae strains have been reported, they remain uncommon in China. 24 Thus, antibiotics without beta-lactamase resistance should probably be reserved for the treatment of organisms whose sensitivity to those agents has been demonstrated with testing.
Surveillance studies of pathogens' resistance to frequently used antibiotics have documented a decrease in their activity over time. 25 Unfortunately, the extensive and inappropriate use of antimicrobial agents remains the primary cause of antibiotic-resistant uropathogens. Most bacterial isolates that we examined were resistant to two or more drugs, and these findings are similar to those in other geographic regions Notes: *hazard ratio (hR) is the ratio of the hazard rates of length of stay for the study group compared to control group; hR 1 indicates longer delay to discharge while hR 1 indicates relatively short time of stay in hospital.
within China. 26 For example, we found that E. coli was the predominant cause of cUTIs, with high rates of resistance to ampicillin, piperacillin, many third-generation cephalosporins, ciprofloxacin, and gentamycin. Unfortunately, multidrug resistance is an increasing concern in China, and this issue is usually attributed to the increased use of broad-spectrum antibiotics in the community. Therefore, programs that target inappropriate use are being set up, in order to decrease the prevalence of drug-resistant organisms, and additional actions have been suggested to address this problem. For example, the implementation of nationwide antimicrobial surveillance and in vitro susceptibility testing would promote better awareness regarding drug resistance and facilitate more rapid treatment with appropriate antibiotics. Furthermore, strict adherence to antibiotic use guidelines will inhibit the spread of drug-resistant microbes. Moreover, empirical treatment is typically used for bacteria with a resistance level of 10%, although our patients exhibited a resistance level of 10%, which indicates that empirical treatment alone is no longer appropriate. Therefore, sensitivity studies are needed to identify appropriate treatments for future use.
Our study also revealed the risk factors for a delayed discharge among patients with cUTIs. The results indicate that old age, previous surgery, diabetes, and renal insufficiency were risk factors for prolonged treatment and hospitalization. Therefore, it may be useful for helping clinicians in southern China to identify patients who need to get timely medical treatment and may require additional care.
To our best knowledge, this was the first study to investigate the clinical outcomes and economic costs among patients with cUTIs in southern China. Our results indicate that empirical antibiotic treatment exerted a large effect on clinical outcomes and treatment cost, as failure of the initial empirical treatment was the strongest independent predictor of a prolonged hospitalization and higher treatment costs. Furthermore, patients who failed the initial treatment required prolonged antibiotic treatment and hospitalization, compared to patients who were successfully treated using the initial treatment. Therefore, careful consideration is critical when selecting the initial treatment for cUTIs to optimize the clinical and economic outcomes. Moreover, our epidemiological data and profiles of local drug resistance trends can help physicians in southern China select appropriate antibiotic therapies for cases of cUTIs in this region.
This study also included several limitations that warrant consideration. First, only a small number of E. cloacae and S. aureus specimens were available for review, and these findings may not be representative of other patient populations. Second, the costs of the primary surgical procedures were not included in our analysis, as we assumed that they were independent of the choice of antibiotic. Thus, if these procedures were related to the choice of antibiotic, this relationship may have affected our cost-related findings. Third, the patients had been hospitalized and treated for cUTIs, and our findings may not be representative of patients who were not hospitalized or who had simple UTIs.
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Conclusion
Multidrug resistance is an increasing concern when treating patients with cUTIs in southern China. However, no official guidelines are available to address this concern. Therefore, selection of an appropriate initial antibiotic treatment for cUTIs should be guided by a careful assessment of the patient's characteristics (age, sex, and comorbidities).
